I. We studied the receptive fields of 171 striate cortical neurons from 17 cats raised with binocular lid suture. Of these, 102 fields were within loo of the area centralis and the remaining 69 were at least 38" from the vertical meridian.
2. Based on their different response properties, cells were divided into three broad groups: the mappable cells (49%) had clearly defined receptive fields, the unmappable cells (31%) were activated by visual stimuli but had diffuse fields which could not be hand plotted, and the visually inexcitable cells (20%) could not be activated by visual stimuli.
Very few (~12% of the total sample) normal simple or complex cells could be found.
3. Orientation selectivity was assessed in these cells. Only 12% displayed orientation selectivity within normal bounds, and these were all mappable cells. None of the unmappable cells had discernible orientation selectivity. 4 Fig. 9 , but are included in Figs. 1 and 2 . but with no clear preference for any particular orientation or direction of movement. Moving fields would be found. In 10 cats, only central fields were studied, and in the remaining 7 both central and peripheral fields were studied. The stimulus was a O.S"-wide bar moved at 2O"/s. Also shown are the relevant portions of the average response histograms used to determine the peak response based on an average of the highest five bins in the histogram.
The orientation and direction of the stimuli are indicated, respectively, by bars and arrows next to each histogram.
Hand-plotted measures of orientation and direction selectivity indicated that the cell responded around the clock with a preference for vertically oriented stimuli (i.e., it was classified as orientation bias): the quantitative measures confirm these observations. The 2" marker scales histograms horizontally to provide information regarding the spatial extent of the receptive field; the 50 impulses/s scales both histograms and polar plot. directions (nonoriented) or somewhat better to a limited range of orientations and directions (orientation bias). This includes, from the central representation, 15 mappable plus 3 unmappable fields which were nonoriented and 18 mappable plus 5 unmappable fields with orientation bias; from the peripheral representation, 6 mappable plus IO unmappable fields which were nonoriented and 8 mappable plus 3 unmappable fields with orientation bias. Since from equivalent visual field representations nonoriented fields constituted only 3% (3/93) of our normal sample and no orientationbias fields were normally found in these regions, there is a remarkable failure to develop orientation and direction selectivity following binocular deprivation (P < 0.001 on a x2 test, even if fields with orientation bias are considered selective). 2) This lack of orientation selectivity is present in both the central and peripheral visual fields to the same degree (P > 0.2 on a x2 test). 3) All neurons showing orientation and direction selectivity within the normal range had mappable receptive fields, while all unmappable cells tested responded to all stimulus orientations and directions.
It is interesting to note that 66% of the above 99 cells showed some orientation or direction preference (i.e., including the cells with orientation bias), even though 68% responded clearly to all orientations of stimuli. Successively recorded cells of the same electrode track tended to have similar stimulus requirements. Binocular deprivation appears to affect the number of orientation-selective cells and the degree of their selectivity, but perhaps not the basic columnar organization for orientation.
A second, more quantitative test of orientation and direction selectivity was applied in the deprived cats to 23 visually excitable cells (central fields: 12 mappable, 4 unmappable; peripheral fields: 4 mappable, 3 unmappable). For these cells average-response histograms were prepared using a narrow (usually 0.4-0.6"), moving slit for each of a number of orientations and directions spaced all around the clock. Figure 3 shows such average-response histograms for one cell with a polar plot of the peak response as a function of That is, the relative ratios they report among responsive cells are roughly 49% nonoriented, 30% orientation bias, 7% direction selective, and 14% orientation selective. There consequently appears to be little change in the proportions of these cell types as binocular deprivation is extended from 10 wk (4) to 10 mo or more as in the present study.
Few cells could be classified as simple or complex on the basis of previously described criteria (13, 15, 35 Data from the monocularly deprived cats include only cells driven by the deprived eye; as indicated in the binocular segment for comparison, 37 cells were driven exclusively by the nondeprived eye, and only one, by the deprived eye. In normal cats nearly all cells were classified as simple or complex, and the latter shifted from the minority to the majority of sampled cells as the electrode moved from the binocular to monocular segment. For monocularly sutured cats, the binocular segment had practically no cells driven by the deprived eye, whereas the monocular segment had many such cells; however, nearly all of the normal receptive-field types were classified as simple, and these included roughly the expected normal proportion. For binocularly sutured cats, there was no obvious difference in the pattern of cells between binocular and monocular segments, and few normal simple or complex cells were found anywhere.
Note that the pattern of cell types found in the deprived monocular segments was quite different between monocularly and binocularly deprived cats. Effect of K+ iontophoresis on the discharge of a single unit in cat striate cortex. The upper trace in each of the three records is a DC recording of the potential at the electrode; the lower trace is a standard (IO-Hz to IO-kHz bandpass) single-unit recording. The artifact at the beginning of each lower trace is due to the mechanical switch closure used to inject current, and it thus marks the beginning of current injection. The upward deflection in the upper trace indicates the onset of a positive current. Three current levels are shown: I .S, 3.0, and 4.5 nA. Greater currents produce higher discharge rates which begin at shorter latencies. generally depended on the level of current applied; more current produced higher discharge rates, which were evident at shorter latencies. Figure 10 illustrates an example of these effects for one cortical cell. Not only did K+ iontophoresis increase spontaneous activity, but it also increased the excitability of the cell to visual stimuli.
On a few occasions, cells with relatively sluggish responses were transformed into briskly responding cells following the application of small positive currents.
We also saw opposite effects with passage of negative current (Cl-iontophoresis). In this case, cells with spontaneous activity had the level of such activity reduced or abolished, and occasionally receptive fields became difficult to map due to the cell's diminished responses.
We made no systematic attempt to determine whether these effects of K+ and Cl-iontophoresis are ion specific or whether they result from the electrotonic effects of current injection. However, in a few experiments with NaCl-filled micropipettes we were unable to obtain increased discharge rates with the injection of positive current at levels comparable to those used with KC1 electrodes.
The remainder of this APPENDIX deals solely with the effects of K+ iontophoresis.
Individual single neurons differed in the amount of current required to produce a particular discharge rate. For most cells, there was some low level of current (usually less than 5 nA) that failed to produce a detectable increase in spontaneous activity. There was, as well, some relatively high level of current at which most cells' discharge frequencies tended to accelerate and finally cease in a manner reminiscent of injury discharges.
However, at cessation of even these high currents (occasionally up to 50 nA), the cell's action potential recovered in a few seconds. We always found an intermediate current level (generally I-10 nA), which produced a discharge rate suitable for our study of suppressive side bands. The bottom histogram shows responses to the test stimulus with monocular conditioning.
With such K+ iontophoresis we have examined would tend to create stronger suppressive influences the organization of excitatory and suppressive zones for monocular conditioning than for K+ iontophoresis. of 13 simple receptive fields, all located within about 2) With monocular conditioning, the conditioning 5" of the area centralis.
In five of these we also stimulus at times physically obscures the test stimulus, studied the receptive fields by the monocularthus weakening the excitatory influence of the test conditioning technique (1) so that results from the stimulus; this does not occur with K+ iontophoresis. two techniques could be directly compared (see which thus would provide for more excitation than Fig. 1 I) These factors, then, and 9 of these 11 had suppressive side bands flank-WATKINS, WILSON, AND SHERMAN ing both sides of the discharge zone. In these nine receptive fields, the larger side band averaged 2.5" (range: 1. lo-3.3") across, while the smaller one averaged 1.1" (range: 0.4"-1.9") across. One simple cell was also tested with the slit oriented perpendicular to the preferred orientation, and this produced a purely suppressive zone 3.3" across and centered on the discharge zone. Two of the unimodal simple cells each had only one suppressive side band flanking the discharge zone, and an example is shown in Fig. 11 . In conclusion, we suggest that the present technique of K+ iontophoresis for revealing suppressive zones of visual receptive fields offers certain advantages over previous techniques of monocular or binocular conditioning (1): I) K+ iontophoresis eliminates the need for a second visual conditioning stimulus, which must be kept moving asynchronously with the test stimulus.
2) With monocular conditioning a complication results from the physical interaction of the visual stimuli, which means that the test stimulus is not always of equal contrast. This sometimes causes certain (usually excitatory) portions of
